The present study objectively measured the pattern of sedentary behavior among schoolchildren from a city in southern Brazil. A probabilistic sample composed of 394 adolescents was selected from ten public schools in the city of Londrina/PR. The cut-point of 720 counts.min -1 for the vector magnitude from the ActiGraph accelerometer was used to estimate the total sedentary time, bouts (1-4 min, 5-9 min, 10-14 min, 15-29 min, and ≥ 30 min), and breaks during the week, on weekdays and at weekends, as well as at school and out of school. Adolescents spent about 10 hours per day in sedentary behavior. Total sedentary time in bouts was 50% (278 from 535 minutes) in short bouts. Adolescents demonstrated greater time in shorter bouts (< 10 minutes) within the school period and longer time in extended bouts (≥ 15 minutes) outside school (p < 0.05). Sex and socioeconomic status had no effect on sedentary time regarding bouts and number of breaks. Thus, Brazilian adolescents present high levels of sedentary time, especially during time outside school.
Introduction
Conceptualized as any activity performed during the time individuals spend "awake" with low energy expenditure (less than or equal to 1.5 metabolic equivalents -MET's) in the sitting or reclining position 1 , sedentary behavior has been characterized as an emerging risk factor for cardiometabolic diseases in children and adolescents 2 . More recently, the pattern of sedentary behavior, that is, how this behavior is accumulated (volume) throughout the day or week in terms of series (bouts) and interruptions (breaks) 3 has been the object of research, given its probable relationship with health outcomes in young people [4] [5] [6] . Although there is still limited evidence to support this relationship 7 , recommendations on sedentary behavior for young people already include the need to interrupt prolonged periods of sitting as often as possible 8 .Thus, quantification of the pattern of sedentary behavior in children and adolescents allows better understanding of how this behavior manifests in this population group, assisting future interventionist strategies, as well as enabling monitoring of trends. In this Copyright: This is an open-access article distributed under the terms of the Creative Commons Attribution License®, which permits unrestricted use, distribution, and reproduction in any medium, provided that the original author and source are credited.
Pattern of sedentary behavior in brazilian adolescents
Padrão do comportamento sedentário em adolescentes brasileiros AUTHOR sense, international surveys indicate that adolescents accumulate more than 60% of their time in sedentary activities, with about 50% of this time accumulated in bouts of short duration (≤ 10 min) 9 and that this pattern tends to become more unfavorable over time 10 . In Brazilian adolescents, sedentary behavior has been extensively studied 11 . However, the use of objective measures is still scarce. Costa et al. 12 verified that Brazilian schoolchildren spend on average 64% (132 minutes) of school time in sedentary activities, but the authors did not provide evidence on how this time was accumulated. Brazilian school children spend a significant portion of their daily time in school (about a third of the period when they are awake), an environment in which the pattern of sedentary behavior tends to manifest itself differently when compared to the period outside of school, by means of a greater number of prolonged bouts (> 30 min) and fewer breaks 13 . This fact may impact directly on estimates of sedentary behavior patterns on school days (weekdays) and non-school days (weekend days), although this relationship is not yet clearly evidenced in the literature 9, 10, 14, 15 . The present study aimed to characterize the pattern of sedentary behavior (volume, bouts, and breaks) of Brazilian adolescents over a week, on weekdays and at weekends, as well as in the school and non-school periods. Additional analyzes were also performed comparing the pattern of sedentary behavior with socio-demographic variables (sex and sociodemographic level).
Methods
The first stage of a longitudinal study on the relationship between sedentary behavior with academic performance and indicators of obesity in adolescents was carried out between September 2015 and August 2016. For this purpose, adolescents of both sexes, enrolled in the sixth (6th) year of secondary education of the public school system in the municipality of Londrina-PR were eligible for the study. The sample selection process involved two stages. Initially, two schools from each geographical region (north, south, east, west, and center) were drawn (n = 10) in a stratified proportional manner considering the representativeness of the school in its region. This procedure aimed to guarantee the representativeness of the geographical regions of the city in the sample. Subsequently, in the selected schools, classes were randomly selected until the percentage representation of each school in its respective region was reached. The study protocol was approved by the Ethics Committee in Research with Human Beings of the State University of Londrina according to opinion no. 1.281.324.
The data collection process involved obtaining anthropometric, sociodemographic, and accelerometry information. Measurements of body mass, height, and trunk-cephalic height were collected using standardized procedures 16 with a portable digital scale (Seca, Hamburg, Germany) and a portable stadiometer with a precision of 0.1 cm (Harpenden Holtain Ltd, Crymych, Dyfed, UK). From this information, nutritional status was determined 17 . Demographic data (age and sex) and economic level 18 were obtained through the application of a self-administered questionnaire. Measurements of accelerometry were obtained through the use of ActiGraph monitors (ActiGraph, Pensacola, FL, USA), models GT3X and GT3X-Plus. Both models are triaxial and use the same algorithms and filters, making subsequent comparisons between the outputs possible 19 . Participants were instructed to use the accelerometer for seven consecutive days during the time they were awake, with guidelines for removing equipment exclusively during bathing, water activities, and sleeping. The accelerometers were configured to collect information in epoch length of 1-second (model GT3X) or at 30 Hz (model GT3X-Plus).
After the monitoring period, the equipment was collected and the data stored in the ActiLife computer program (version 6.8.2). Thereafter, data were reintegrated into epoch length of 15-second. Subjects who obtained at least four valid days of data recorded by the accelerometer were included in the analyses, that is, at least eight hours of use time per day (≥ 480 minutes/day), including at least one valid day of the weekend, from a criterion non-use time of 60 minutes of consecutive zeros.
The cut-off points proposed by Romanzini et al. 20 for Brazilian adolescents were used to classify the counts recorded by the vector magnitude of ActiGraph in minutes of sedentary activities (180 counts.15seg -1 ) and of moderate to vigorous physical activity (757 counts.15seg -1 ). Bouts (sedentary series) were defined as uninterrupted periods in sedentary behavior (drop time = 0) with durations of 1-4 minutes, 5-9 minutes, 10-14 minutes, 15-29 minutes, and over 30 minutes. Breaks (interruptions in the sedentary series) were defined as any non sedentary period between two sedentary series 21 . Estimates of sedentary time, breaks, and bouts were calculated to represent the pattern of weekly sedentary behavior on weekdays and at week-ends (weekdays vs. weekends), as well as during the school (13:30 to 17:50 hours) and non-school periods (remainder of the day monitored by accelerometers). For the purposes of analysis, the sedentary time and accumulated time in bouts were expressed as mean daily values (min.day To describe the data, descriptive statistics were used with mean values and relative frequency as well as standard deviation and 95% confidence interval of dispersion. The Kruskal-Wallis, Mann-Whitney and chi-squared tests were used to detect differences between the sexes and socioeconomic status categories. For the comparisons of sedentary patterns of behavior between days of the week and time at school or out of school, the Wilcoxon test for paired samples was used. All analyzes were conducted in the statistical package Stata 14.0, adopting p < 0.05.
Results
In total, 980 adolescents were invited to participate in the study. Refusals and losses totaled 290 individuals (29.5%), of which 245 were excluded as they did not deliver the informed consent form signed by parents or guardians and 45 because they did not agree to use the accelerometer. Of a total of 690 adolescents who were monitored by accelerometers, 394 presented valid data (57%) and were included in the analyzes (Table 1) . Considering a 95% confidence level and the estimated standard deviation of the sedentary time of study participants (Table 1) , the number of subjects included in the analyzes (n = 394) allowed estimates of mean daily sedentary time with a maximum error of 17 minutes. The sample was balanced with regard to sex (female = 52.5%), predominantly composed of individuals of economic class B (58.1%), and about one-third presented excess weight (34.9%). In general, boys demonstrated greater time in moderate to vigorous physical activity and time of use of the accelerometer (p < 0.05). Approximately 10 hours daily (602 minutes) were spent in sedentary behavior (69.7% of the time of use of the accelerometers).
The general pattern of sedentary behavior of the sample is shown in Figure 1 . Of the total sedentary time recorded in bouts, about 50% (278 of 535 minutes) was accumulated in short bouts. There was a significant linear decrease in the time recorded in short bouts (1-4 minutes) towards intermediate bouts (10-14 minutes), followed by significant increases towards longer bouts (≥ 15 minutes). Note. MVPA, moderate to vigorous physical activity. * p < 0.05. Table 2 presents the pattern of sedentary behavior according to sex and socioeconomic level. Boys presented more time in sedentary behavior within the bouts of 5 to 9 minutes than girls. In the other categories of bouts and breaks, no significant differences were found due to sex or economic level. Accumulated time in bouts was similar on weekdays and weekend days (Figure 2 ). On the other hand, comparisons between bouts revealed that adolescents accumulated more time in short bouts (< 10 minutes) while in school and more time in longer bouts in out-of-school hours (≥ 15 minutes) (p < 0.05).
Breaks in sedentary behavior according to weekdays and weekends and periods at school or out of school are described in Figure 3 . The number of breaks in sedentary behavior per hour was similar between weekdays and weekends. On the other hand, a greater number of breaks was found during the school period (p < 0.05).
Discussion
The present study found a high volume of sedentary behavior (~10 hours per day) in Brazilian adolescents, the majority of which (> 50%) was accumulated in bouts of short duration (< 10 min). In addition, it was verified that the pattern of sedentary behavior seems to manifest itself similarly on weekdays and at weekends, but differently in the school and non-school environment, in which the accumulation of sedentary time in longer series (≥ 15 min) was evidenced. Finally, it was observed that the pattern of sedentary behavior appeared not to be influenced by sex or economic level.
The excessive daily time in sedentary activities in the students of the present study is at least similar to those observed in adolescents from developed countries 5, 9, 23 . Direct comparisons between the studies regarding the Breaks (breaks/hour) 11.3 ± 2.5 11.7 ± 2.4 11.6 ± 2.3 11.5 ± 2.5 11.6 ± 2.5 *p < 0.05. . The high sedentary time in the sample of the present study was mostly accumulated through bouts of short duration (< 10min), which corroborates with previous studies 9, 23 . However, findings from this research revealed that Brazilian adolescents accumulate, on average, three times the sedentary time in prolonged bouts (≥ 30 min) when compared to adolescents from developed countries 9, 23 . In these studies, the time accumulated in sedentary bouts decreased linearly from the shortest to the longest bouts, while in our sample the decrease was observed until intermediate bouts (10-14 min), after which there were important increases. This fact is of concern, since prolonged periods of uninterrupted sedentary behavior tend to impair the uptake of fatty acids derived from lipoproteins due to an inhibition of lipoprotein lipase activation, which may lead to the onset of risk factors for cardiometabolic diseases 24 . This greater accumulation of sedentary time in prolonged bouts reflects a pattern of sedentary behavior differentiated between the school and non-school environments. Differently from previous findings 13 , we identified that adolescents from this sample accumulated more time in prolonged bouts of sedentary behavior during out-of-school time and, consequently, a greater number of breaks from sedentary behavior during the school period. This inconsistency may reflect, at least in part, differences in the school environment (full-time versus part-time) between the countries of both studies, as well as cultural differences between European and Brazilian adolescents (which may lead to differentiated behaviors in the school environment). As full-time education is not a reality of the sample investigated, the adolescents may be exposed to a greater amount of free time for excessive and unsupervised use of technology (cell phones, video games, TV) in the domestic environment, supposedly leading to a greater accumulation of time in sedentary bouts. However, these facts cannot be confirmed in the present study.
This more unfavorable pattern of sedentary behavior (greater presence of prolonged bouts and fewer breaks) in the non-school environment was an interesting finding of the present study. In this sense, even if a large part of current interventions aimed at reducing and/or disrupting adolescent sedentary behavior are school-based, such as the use of height adjustment tables 25 , these findings lead to the recommendation that future interventions should also emphasize the period outside school, such as the use of measures to reduce screen time or even family interventions 26 . The high sample loss, due to a low rate of individuals with valid accelerometer data (57%), is one of the main limiting factors of the study. However, subjects who were excluded from the study and/or analyzes presented a similar distribution to the sample investigated with respect to sex, socioeconomic level, and mean age. Thus, considering that the pattern of sedentary behavior was not dependent on sex or socioeconomic level, we believe that little bias was introduced in the study estimates. In addition, it is important to highlight that the study was limited to investigating adolescents in a restricted age range of public schools, which presupposes some caution regarding the generalization of the results. Finally, a triaxial cut-off point for ActiGraph was adopted, which, despite being derived from a study involving Brazilian adolescents, differs from the traditional cut-off point used in the literature 27 . In this sense, when analyzing the sedentary time using the cut-off point of 100 counts. min -1 for the vertical axis of the ActiGraph, the sedentary time estimates were extremely similar to those presented in the present study (604.9 versus 602.2 min.day -1 ). Some highlights of the study also deserve attention. The average time of use of the accelerometers was high (~14 hours), guaranteeing an approximate coverage of about 90% of the awake time of the adolescents. It is also highlighted that this is one of the first studies to characterize the pattern of sedentary behavior in Brazilian adolescents through the use of objective measures. Thus, the data presented herein allow better understanding of the way sedentary behavior is manifested in different contexts of adolescent life, supporting future interventions, or even providing a baseline for monitoring trends.
In conclusion, Brazilian adolescents present high levels of sedentary time (about 10 hours per day), characterized by a less favorable pattern (prolonged bouts and shorter occurrences of breaks) in the period when they are outside the school environment. Sex, economic status, and period of the week (weekdays and weekends) do not seem to influence the pattern of sedentary behavior among adolescents.
